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UrbanicityWe investigated whether associations between area deprivation, urbanicity and elevated risk of severe mental
illnesses (SMIs, including schizophrenia and bipolar disorder) is accounted for by social drift or social causation.
We extracted primary and secondary care electronic health records from 2004 to 2015 from a population of 3.9
million. We identified prevalent and incident individuals with SMIs and their level of deprivation and urbanicity
using theWelsh IndexofMultipleDeprivation (WIMD) andurban/rural indicator. The presence of social driftwas
determined bywhether odds ratios (ORs) from logistic regression is greater than the incidence rate ratios (IRRs)
from Poisson regression. Additionally, we performed longitudinal analysis to measure the proportion of change
in deprivation level and rural/urban residence 10 years after an incident diagnosis of SMI and compared it to
the general population using standardised rate ratios (SRRs).
Prevalence and incidence of SMIs were significantly associated with deprivation and urbanicity (all ORs and IRRs
significantly N1). ORs and IRRs were similar across all conditions and cohorts (ranging from 1.1 to 1.4). Results
from the longitudinal analysis showed individuals with SMIs are more likely to move compared to the general
population. However, they did not preferentially move to more deprived or urban areas.
Therewas little evidence of downward social drift over a 10-year period. These findings have implications for the
allocation of resources, service configuration and access to services in deprived communities, as well as, for
broader public health interventions addressing poverty, and social and environmental contexts.
© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The higher rate of severe mental illness (SMI) associated with urban
neighbourhoods characterised by higher levels of deprivation, poverty
and ethnic heterogeneity is well evidenced (Allardyce and Boydell,
2006; Faris and Dunham, 1939; Heinz et al., 2013; Kaymaz et al.,
2006; March et al., 2008). Since the 1930s there has been considerable
debate about the causes of this finding, classically articulated in theeral Practice Database; ICD,
on Governance Review Panel;
t area; ONS, Office for National
e for Wales; pyar, person-years
d Information Linkage; SMI, se-
, Welsh Demographic Service;
dical School, 3/F Data Science
. This is an open access article underso-called “breeder” versus “social drift” hypotheses (Faris and
Dunham, 1939; Goldberg andMorrison, 1963). The social causation the-
ory proposes that the accumulation of exposure to environmental risk
factors such as lack of social support, higher poverty and crime rates
as well as reduced access to health care in deprived and urban areas
over time increases risk of these illnesses, particularly for individuals
with familial and genetic predisposition (Collip et al., 2008; Sariaslan
et al., 2016; Selten et al., 2013; Van Os et al., 2008). The social selection
or drift theory proposes that the symptoms and deterioration of cogni-
tive functioning associated with these SMIs leads to increasing difficul-
ties in function and maintenance of living standards, thus individuals
drift progressively into lower socioeconomic status (SES) or more de-
prived areas (Dunham, 1965; Goldberg and Morrison, 1963; Hudson,
2012, 2005). Some consensus has been reached that social drift alone
cannot explain the association of deprivation and urbanicity with
these elevated rates of SMIs (Heinz et al., 2013; Hudson, 2005; March
et al., 2008) because, for example, individuals with schizophrenia are
more likely to be born in deprived areas (Werner et al., 2007). Thethe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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(Hudson, 2012, 2005). However, recent evidence frommolecular popu-
lation level genetic studies suggests that the association may be subject
to confounding by familial and genetic factors (Sariaslan et al., 2016,
2015) in addition to other possible interactions of personal- and area-
level factors (Allardyce and Boydell, 2006; Heinz et al., 2013; March
et al., 2008).
We aimed to compare the prevalence and incidence of SMIs (schizo-
phrenia-related disorders and bipolar disorders) at an area level by
deprivation and urbanisation to examine social drift, using both
anonymised primary and secondary care routinely collected data. We
performed a longitudinal analysis over 10 years to examine the change
in level of deprivation and urban/rural residence associated with each
individual after an incident diagnosis of SMI. We hypothesised that
the presence of downward social drift would result in a stronger associ-
ation between higher level of deprivation/urbanicity and prevalence but
not incidence rates of SMIs following first recorded diagnosis within the
follow-up period and that higher proportions of individuals would
move to more deprived areas over time. We also examined social drift
preceding the first recorded diagnosis.
2. Methods
2.1. Study design
This study was a retrospective population-based observational elec-
tronic cohort study.
2.2. Study population and setting
Approximately 3.9 million individuals aged 15 years or above who
continuously resided in Wales, UK, between 01/01/2004 and 31/12/
2015 were included in this study.
2.3. Data source
The Secure Anonymised Information Linkage (SAIL) databank
(www.saildatabank.com) was used in this study. SAIL is an expanding
databank of anonymised privacy protecting person-based linkable
data from healthcare and public settings to support research (Ford
et al., 2009; Lyons et al., 2009). The following datasets were utilised:
1. General Practice Database (GPD), which contains diagnoses, symp-
toms, investigations, prescribedmedication, referrals, coded hospital
contacts and test results. At time of analysis, 77% (333/432) of all
general practices in Wales were supplying data to SAIL.
2. Patient Episode Database for Wales (PEDW), an NHSWales hospital
admissions dataset that contains types of admissions, diagnostic in-
formation, discharge and transfer information covering the whole
population of Wales.
3. Welsh Demographic Service (WDS), an administrative register of all
individuals in Wales that use NHS services, including anonymised
demographics and practice registration history.
4. The Office for National Statistics (ONS) deaths register, documenting
nationwide information on deaths and causes of deaths covering the
whole population of Wales.
2.4. Ethical approval
This study forms part of the “PsyCymru study” (Lloyd et al., 2015).
Ethical approval was granted by the Information Governance Review
Panel (IGRP), an independent body consisting of a range of government,
regulatory and professional agencies (approval number 0093). The IGRP
oversees study approvals in line with permissions already granted to
the analysis of data in the SAIL databank (Ford et al., 2009; Lyons
et al., 2009).2.5. Measures
2.5.1. Outcomes (SMIs diagnoses)
Diagnoses of SMIs were categorised as schizophrenia-related disor-
ders (schizophrenia, schizotypal, delusional and schizoaffective disor-
ders) and bipolar disorder (see Supp. Table 1). To identify these
mental disorders, Read Code version 2 (5-byte) was used in the GPD
(primary care cohort) and the International Classification of Diseases
(ICD) version 10 was used in PEDW (secondary care cohort) for both
planned and emergency admissions. Diagnostic codes used to identify
individuals with SMIs have been previously described and externally
validated (Economou et al., 2012; Ford et al., 2009; John et al., 2018;
Lloyd et al., 2015), involving mapping between Read codes and ICD-10
codes. We also included Read codes that have been cross-mapped to
the corresponding ICD-10 codes by theNHS tomaintain the consistency
of diagnoses sourced from two datasets (see Supp. Table 1).
2.5.2. Exposures (area deprivation and urbanicity measures)
We adopted theWelsh Index of Multiple Deprivation (WIMD) 2011
as a measure of area deprivation at lower-layer super-output area
(LSOA) level, the geographic units used in the calculation of WIMD
and the reporting of small area statistics comprised of approximately
1500 individuals (Welsh Government, 2017). Eight different domains
of deprivation were assessed, namely, income, housing, employment,
geographical access to services, education, health, community safety
and physical environment. Weighted scores were calculated from
these domains and aggregated to become WIMD for each LSOA. The
resulting WIMD scores were then ranked and grouped into quintiles
from most (Q5) to least (Q1) deprived areas.
For categorising urban and rural areas, the urban/rural indicator for
England and Wales first introduced in the 2005 Labour Force Survey
was used (Barham and Begum, 2006). The classification was based on
hectare grid squares, postcodes and settlement polygons defined byDe-
partment for Communities and Local Government. Settlement form and
sparsity were the two measurement criteria for the classification. For
settlement form, each hectare grid square was associated with a settle-
ment type: dispersed dwellings, hamlet, village, small town and fringe
as well as urban (population ≥ 10,000). For sparsity, each hectare grid
square was assigned a sparsity score based on the number of house-
holds in surrounding hectare squares within 30 km. We used the ac-
cepted definition of rural and urban areas to classify LSOAs (Barham
and Begum, 2006): rural areas were town and fringe, villages, hamlets
and isolated dwellings; urban areas were all urban settlement types
with a population of 10,000 ormore. Similar toWIMD, urban/rural indi-
cators were documented for all individuals based on the LSOAs at pe-
riods they resided in Wales.
2.5.3. Prevalence and incidence of SMIs by deprivation and urban/rural
indicator
We computed annual prevalence and first recorded incidence of
SMIs between 01/01/2004 and 31/12/2015. Annual prevalence was de-
fined as the number of individuals with a relevant diagnosis in or before
the current year divided by the total populationwithin aWIMD quintile
or urban/rural group each year. WIMD quintile and urban/rural group
were assigned as the date of recorded diagnoses for cases. For individ-
uals without SMIs, WIMD quintile and urban/rural groupwere assigned
at the beginning of each year (1st January) for prevalence. Individuals
were not included in calculating annual prevalence at particular year
(s) if the LSOA was not available on 1st January at the corresponding
year(s). We defined incidence as the number of new diagnoses (first di-
agnosis with no previous recorded schizophrenia-related and bipolar
disorders) over thewhole 12-year period divided by the number of per-
son years at risk within eachWIMD quintile or urban/rural group. Indi-
viduals and time at risk were not included in the incidence calculations
if the LSOA was not available on the corresponding date of incident di-
agnosis. We used first ever recorded incidence to capture the time for
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small sample size due to stratification by calendar year.
Annual prevalence and incidence over the 12-year study period of
SMIs were calculated for the primary and secondary care cohorts
separately:
Given that coverage of the GPDwas for 77% of the population for the
primary care cohort, an algorithm(Davies et al., 2018)was used to iden-
tify periods of valid GP data coverage within the study period and the
denominator and all relevant contacts were extracted only within
these valid periods for prevalence and incidence calculations. The pop-
ulation used to calculate prevalence was all individuals who supplied
valid data to the GPD in SAIL within the study period. For incidence cal-
culations, the person year at risks of an individual within this GP popu-
lation was the sum of all valid periods of data provided – each period
defined by the GP registration start and end dates – within the study
period.
For the secondary care cohort, thewhole population inWaleswithin
the study period contributed to the denominator of the prevalence cal-
culation and the corresponding person years at risk the denominator for
incidence calculation.
2.5.4. Confounders
We included sex, age (as group: 15–24, 25–34, 35–44, 45–54; 55–64,
65–74, and ≥75 years) and calendar year (2004–2015) as measured
confounders. These variables were chosen because they were docu-
mented as major confounders by other studies of prevalence and inci-
dence of SMIs (Hardoon et al., 2013).
2.6. Statistical analysis
Linked data in SAIL were interrogated using structured query
language (SQL DB2). Descriptive statistics were summarised for demo-
graphic, social and clinical characteristics, including means for continu-
ous variables, counts, rates and percentages for binary and categorical
variables togetherwith 95% confidence intervals (CIs). All CIs for counts,
rates and rate ratios were two-tailedmid-p exact CIs (assuming Poisson
distribution) calculated as previously described (Rothman and Boice,
1979). CIs for proportions and percentages were estimated by Wilson
score with continuity correction (Newcombe, 1998). CIs for continuous
responses were approximated by normal distribution. With the excep-
tion of two-by-two contingency tables where Fisher's exact test was
used, chi-square test of association and the Cochran-Armitage trend
test for linearity were performed for contingency tables (Agresti,
2002), with CIs for relative risks estimated as proposed elsewhere
(Altman, 1991). For All statistical analyses were performed using SPSS
version 25.0 for Windows and the level of statistical significance was
set at p= 0.05.
We then: 1) estimated and compared prevalence and incidence of
SMIs byWIMD quintile and urban/rural indicator over a 12-year period
(2004–2015) and 2) performed a longitudinal analysis of change in
WIMD quintile and urban/rural indicator over a 10-year follow-up for
each individual in a cohort who were diagnosed with an SMI between
1st January 2004 and 31st December 2005. We calculated prevalence
and incidence for the primary and secondary care cohorts separately
due to the different extent of data coverage between cohorts. Preva-
lence, incidence, change in prevalence (prevalence gradient) by depri-
vation and urban/rural indicator, as well as change in incidence
(incidence gradient) by deprivation and urban/rural indicator were es-
timated using generalised linearmodellingwith adjustments for poten-
tial confounders. We studied social drift by examining a) the difference
between prevalence gradients and incidence gradients, and b) the dif-
ference between proportions of individuals moving towards more and
less deprived areas in the longitudinal analysis.
Prevalence and incidence, expressed as a percentage of population
and counts per 100,000 pyar respectively, were estimated using general-
ised estimating equations with unstructured within-subject correlationstructure, using robust variance for parameter estimation (Agresti,
2007; Heck et al., 2012). Prevalence was modelled using binomial distri-
bution with logit link function while incidence was modelled using
Poisson distribution with log link function.
For modelling gradients of prevalence and incidence by deprivation,
the independent variable was WIMD quintile as ranked categories,
where WIMD quintile was coded as 1 (Q1, least deprived) to 5 (Q5,
most deprived). With this coding scheme, odds ratios (ORs for preva-
lence) and incidence rate ratios (IRRs for incidence) represented ratios
per unit quintile increase of level of deprivation. ORs or IRRs greater
than one represent higher prevalence or incidence in more deprived
compared to less deprived areas.
Equivalent modelling for estimating gradients of prevalence and in-
cidence by urban/rural indicator was conducted. The independent vari-
able was urban/rural indicator as ranked categories, where rural was
coded as 1 and urban as 2. ORs or IRRs greater than unity indicates
higher prevalence or incidence in urban compared to rural areas.
All prevalence and incidence were adjusted for sex (male as the ref-
erence category) and age group (15–24 years as reference category).
Both WIMD quintile and urban/rural indicator were also jointly ad-
justed in all models. We included calendar year (2004 as reference cat-
egory) as a within-subject factor in the prevalence model only. In the
incidence model, WIMD quintile and urban/rural group were entered
as within-subject covariate.
2.7. Longitudinal analysis
We further examined potential social drift at area level after an SMI
diagnosis (as exposure) by analysing the difference in WIMD quintile
(as outcome) for an individual as a proxy for social drift. We also exam-
ined whether these changes are associated with change in urban and
rural settlement (as outcome). Thus, we calculated the difference in
WIMD quintile and urban/rural indicator between start and end of the
follow up period. We compared these differences over a 10-year period
between individuals with SMIs (with an SMI diagnosis in either GPD or
PEDWbetween 01/01/2004 and 31/12/2005) and thewhole population
of Wales (at a random date between 01/01/2004 and 31/12/2005). For
individuals with SMIs, we extracted WIMD quintile and urban/rural in-
dicator at the date of diagnosis and 10 years later (or date of death,
whatever came first). For the Wales population, we extracted WIMD
quintile and urban/rural indicator on a date randomly assigned to
each individual (between 01/01/2004 and 31/12/2005) and 10 years
later (or date of death, whatever came first). We then computed the
change (earlier minus later) in WIMD quintile and change in urban/
rural indicator (categories rural to urban, no change and urban to
rural) for each individual.
To compare distributions of change in deprivation and rural/urban
indicator between those with SMIs and the general population, we cal-
culated standardised rate ratios (SRR), a method similar to the calcula-
tion of standardised mortality ratios using the indirect method with
the whole cohort as the standard population. We divided the observed
counts of change from the SMI sub-population by the expected counts
of change from the general population. For deprivation, we calculated
SRRs for 3 categories of change in WIMD quintile: individuals who
moved to more deprived areas (change in WIMD quintile b 0), less de-
prived areas (change in WIMD quintile N 0) or areas with the same
WIMD quintile (change in WIMD quintile = 0). For urbanicity, we cal-
culated SRRs for 3 categories of change in urban/rural indicator (rural
to urban, no change and urban to rural). SRRs were standardised by
age bands (15–34, 35–54, 55–74 and ≥75 years), sex andwhether an in-
dividual was alive or dead within the 10-year period (live and dead).
The presence of downward social drift would be reflected by the SRR
for individuals who moved to more deprived/urban areas N1 as well
as greater than the SRR for individuals moved to less deprived/rural
areas. Passive social drift – individuals with SMIs in areas with the
same level of deprivation while the general population moved to less
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values of the denominators (expected counts) for the less deprived
compared with those for the more deprived category. In addition to
the SRRs at 10 years of follow-up, we reported the SRRs at intervals of
one year from the start of follow-up to identify any short-term drift
and possible compensation (e.g., by health care) within 10 years. We
also compared the characteristics for the individuals within depriva-
tion/urbanicity change categories at the end of the follow-up (10 years).
In addition to the analysis of the change in WIMD quintile and
urban/rural indicator within the 10-year follow-up period, we also
tracked bothWIMDquintile and urban/rural indicator for these individ-
uals before the date of the incident diagnosis (index date). The tracking
period varied for individuals depending on data availability from the
WDS administrative register and was accounted for in pyar analyses.
SRRs were calculated based on the WIMD quintile and urban/ruralFig. 1. Study floindicator at the first day with available WDS administrative data to
the day before the index date (date of diagnosis for individuals with
SMIs or 31/12/2005 for the general population).
3. Results
3.1. Study population
There were 5,019,602 individuals in total found in the WDS admin-
istrative register and we identified 2,898,382 eligible individuals
(57.4%) who were 15 years or older and continuously registered in
Wales between 01/01/2004 and 31/12/2015 (Fig. 1). For the primary
care cohort, 2,114,777 individuals (73.0% of 2,898,382) supplied data
to the GPD. 8709 (out of 2,114,777, overall 12-year-period prevalence:
0.4% out of 2,114,777, 95% CI: 0.4%–0.4%) of these individuals had atw diagram.
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viduals (out of 2,114,777, overall 12-year-period prevalence: 0.3% out of
2,114,777, 95% CI: 0.3%–0.3%) had at least one diagnosis of bipolar disor-
der. For the secondary care cohort, 12,289 individuals (out of 2,898,382,
overall 12-year-period prevalence: 0.4% out of 2,898,382, 95% CI: 0.4%–
0.4%) had at least one diagnosis of schizophrenia-related disorders.
7561 individuals (out of 2,898,382, overall 12-year-period prevalence:
0.2% out of 2,898,382, 95% CI: 0.3%–0.3%) had at least one diagnosis of
bipolar disorder. Table 1 shows demographics of the study cohort, dis-
tribution of WIMD quintiles and urban/rural indicator for the primary
and secondary care cohorts at 01/01/2010.
Distribution of rural and urban areas byWIMD quintiles for all 1896
LSOAs documented in this study is tabulated in Supp. Table 2. The
Cochran-Armitage trend test for linearity was statistically significant
(Cochran-Armitage chi-squared = 63.8, p b 0.001), suggesting a strong
linear association betweenmore deprived and urban LSOAs (refer Supp.
Figs. 1 and 2 for the geographical distribution of WIMD quintile and
urban/rural indicator of LSOAs respectively).3.2. Prevalence and incidence gradient of SMIs by deprivation and urban/
rural indicator
For the primary care cohort, the mean annual prevalence of
schizophrenia-related disorders and bipolar disorder was 0.3% (95%
CI: 0.3%–0.3%) and 0.2% (95% CI: 0.2%–0.2%) respectively. We identified
8569 incident cases of schizophrenia-related disorder (incidence rate
per 100,000 pyar = 45.8, 95% CI: 44.8–46.8) and 5563 incident cases
of bipolar disorder (incidence rate per 100,000 pyar = 29.7, 95% CI:
28.9–30.5). For the secondary care cohort, the mean annual prevalence
of schizophrenia-related disorders and bipolar disorder was 0.3% (95%
CI: 0.3%–0.3%) and 0.2% (95% CI: 0.1%–0.2%) respectively. There were
11,884 incident cases of schizophrenia-related disorders (incidence
rate per 100,000 pyar = 45.0, 95% CI: 44.1–45.8) and 7375 incident
cases of bipolar disorder (incidence rate per 100,000 pyar = 27.9, 95%
CI: 27.3–28.5). Table 2 summarises the 12-year-period prevalence and
incidence sourced from primary and secondary care cohorts by WIMD
quintile and urban/rural indicator. Geographical variations of preva-
lence and incidence of SMIs for primary and secondary care cohort are
illustrated in Supp. Figs. 1 and 2 respectively.Table 1
Demographics and characteristics of the study population at themid-point of study period
(01/01/2010).
Primary care
cohort
Secondary care
cohort
Number† % Number† %
Total 1,636,280 100.0 2,251,777 100.0
Sex Male 804,110 49.1 1,109,151 49.3
Female 832,170 50.9 1,142,626 50.7
Age (years) 15–24 302,251 18.5 403,399 17.9
25–34 278,449 17.0 381,016 16.9
35–44 315,028 19.3 434,753 19.3
45–54 268,506 16.4 373,862 16.6
55–64 240,396 14.7 333,755 14.8
65–74 148,870 9.1 208,189 9.2
≥75 82,780 5.1 116,803 5.2
Deprivation (WIMD quintile⁎) Q5 315,717 19.3 429,727 19.1
Q4 303,086 18.5 445,082 19.8
Q3 327,628 20.0 452,776 20.1
Q2 288,387 17.6 445,406 19.8
Q1 345,187 21.1 450,718 20.0
Urbanicity Urban 1,107,881 67.7 1,476,416 65.6
Rural 472,124 28.9 747,293 33.2
Unknown LSOA 56,275 3.4 28,068 1.2
⁎ Q5: most deprived.
† The numbers are the individual counts for the cohort as at 01/01/2010. They are dif-
ferent from the total counts from thewhole study period between 01/01/2004 and 31/12/
2015 as shown in the study flow chart (Fig. 1).Higher prevalence and incidence in more deprived and urban areas
(ORs or IRRs N 1, Fig. 2 and Supp. Tables 3 and 4) was evident. While
ORs and IRRs were significantly larger than unity for schizophrenia-
relateddisorders andbipolar disorder (all p-valuesb 0.05, Supp. Tables 3
and 4), schizophrenia-related disorders showed greater prevalence and
incidence gradients than bipolar disorder. Overall, prevalence and inci-
dence of schizophrenia-related disorders for individuals resident in the
most deprived areas were approximately 2.5–3.1 times (by taking the
ORs or IRRs to the fourth power) of those resident in the least deprived
areas and these ratios were 1.4–1.9 for bipolar disorders. These patterns
were similar for the prevalence and incidence gradients by urban/rural
indicator. Prevalence and incidence of schizophrenia-related disorders
and bipolar disorder at urban areas were approximately 1.2–1.3 and
1.1 times of those at rural areas respectively. All ORs and IRRs were
higher for the secondary care cohort than for the primary care cohort,
except that OR by urban/rural indicator for schizophrenia-related disor-
ders was greater for the primary care cohort (Fig. 2E and F). This sug-
gests a steeper gradient of prevalence and incidence by deprivation in
the secondary compared with primary care cohort. Most importantly,
we found similar effect sizes for prevalence and incidence for both
cohorts.3.3. Longitudinal analysis of social drift
We identified 2,132,108 eligible individuals for the longitudinal anal-
ysis (Fig. 1 and Supp. Table 5).Within the case ascertainment period be-
tween 01/01/2004 and 31/12/2005, there were 4556 individuals (0.2%,
95% CI: 0.2%–0.2%) who had an incident diagnosis of schizophrenia-
related disorders and 1977 individuals (0.1%, 95% CI: 0.1%–0.1%) who
had an incident diagnosis of bipolar disorder. The corresponding inci-
dence over the two-year period for schizophrenia-related disorders
and bipolar disorder was 53.7 (95% CI: 50.2–57.3) and 33.3 (95% CI:
29.3–37.8) per 100,000 pyar respectively. For schizophrenia-related dis-
orders, 33.6% (out of 4556, 95% CI: 32.3%–35.0%) and 10.2% (95% CI:
9.4%–11.1%) moved to areas with different WIMD quintiles and urban/
rural indicators respectively during the follow-upperiod. For bipolar dis-
order, we found 29.6% (out of 1977, 95% CI: 27.6%–31. 7%) and 9.7% (95%
CI: 8.4%–11.1%)moved to area with differentWIMD quintile and urban/
rural indicator respectively during the follow-up period.
SRRswere significantly N1 (1.3–1.7, Fig. 3 and Supp. Table 6) for dep-
rivation and urban/rural indicators depicting changewhile SRRs are sig-
nificantly smaller than 1 (0.8–1.0, Fig. 3 and Supp. Table 6) for categories
depicting no change in deprivation or urban/rural indicator. SRRs were
similar between individuals who moved to more and less deprived
areas, as well as between those who moved from rural to urban and
urban to rural areas. SRRs for both sexes were similar whereas older in-
dividuals (except for those whose age ≥ 75 years) had SRRs more devi-
ated from unity (Supp. Table 6). SRRs by year of follow-up were
significantly N1 for groups with changes in deprivation and urban/
rural indicators although they decreased gradually with time (Supp.
Fig. 3). SRRs were still similar between individuals who moved to
more or less deprived areas for both schizophrenia-related disorders
and bipolar disorder. They were also similar for those who moved be-
tween rural and urban areas in either direction for bipolar disorder
but not schizophrenia-related disorders. Interestingly, during the first
four years after an incident diagnosis of schizophrenia-related disor-
ders, SRRs for moving to urban areas were higher than that of rural
areas. However, this difference decreased in subsequent years.
There were no significant differences in all measured characteristics
between individuals moving towards more and less deprived areas, as
well as, between urban to rural and rural to urban areas (Supp.
Table 7). However, individuals in all the ‘no change’ groups for depriva-
tion groups were older than those who moved to areas with different
levels of deprivation. A significantly higher proportion of individuals
who had schizophrenia-related disorders in the no change deprivation
Table 2
Prevalence and incidence of schizophrenia-related disorders and bipolar disorder by WIMD quintile and urban/rural indicator.
Mean annual prevalence 2004–2015 Incidence 2004–2015
Mean
number of
counts
Mean
population
Period
prevalence
(%)
95% CI Number of
new cases
Person-years
at risk
incidence
(/100,000/year)
95% CI
Primary
care
Schizophrenia-related
disorders
Deprivation
(WIMD
quintile⁎)
Q5 1483 314,007 0.5 0.4–0.5 2804 3,747,882 74.8 72.1–77.6
Q4 963 300,087 0.3 0.3–0.3 1849 3,585,788 51.6 49.3–54.0
Q3 825 325,249 0.3 0.2–0.3 1656 3,884,584 42.6 40.6–44.7
Q2 547 285,381 0.2 0.2–0.2 1105 3,406,872 32.4 30.6–34.4
Q1 544 342,700 0.2 0.1–0.2 1155 4,088,931 28.2 26.7–29.9
Urban/rural
indicator
Urban 3448 1,096,770 0.3 0.3–0.3 6626 13,088,074 50.6 49.4–51.9
Rural 916 470,657 0.2 0.2–0.2 1943 5,625,983 34.5 33.0–36.1
Bipolar disorder Deprivation
(WIMD
quintile⁎)
Q5 657 314,007 0.2 0.2–0.2 1397 3,751,890 37.2 35.3–39.2
Q4 549 300,087 0.2 0.2–0.2 1135 3,588,070 31.6 29.8–33.5
Q3 540 325,249 0.2 0.2–0.2 1089 3,886,234 28.0 26.4–29.7
Q2 424 285,381 0.1 0.1–0.2 902 3,407,693 26.5 24.8–28.2
Q1 494 342,700 0.1 0.1–0.2 1040 4,088,773 25.4 23.9–27.0
Urbanicity Urban 1950 1,096,770 0.2 0.2–0.2 4036 13,095,794 30.8 29.9–31.8
Rural 715 470,657 0.2 0.1–0.2 1527 5,626,866 27.1 25.8–28.5
Secondary
care
Schizophrenia-related
disorders
Deprivation
(WIMD
quintile⁎)
Q5 1897 431,387 0.4 0.4–0.5 3793 5,116,985 74.1 71.8–76.5
Q4 1405 444,996 0.3 0.3–0.3 2798 5,286,482 52.9 51.0–54.9
Q3 1131 452,840 0.2 0.2–0.3 2319 5,385,454 43.1 41.3–44.8
Q2 815 444,368 0.2 0.2–0.2 1707 5,284,736 32.3 30.8–33.9
Q1 584 451,090 0.1 0.1–0.1 1267 5,364,821 23.6 22.3–24.9
Urban/rural
indicator
Urban 4358 1,475,838 0.3 0.3–0.3 8629 17,525,508 49.2 48.2–50.3
Rural 1475 748,845 0.2 0.2–0.2 3255 8,912,970 36.5 35.3–37.8
Bipolar disorder Deprivation
(WIMD
quintile⁎)
Q5 826 431,387 0.2 0.2–0.2 1930 5,122,301 37.7 36.0–39.4
Q4 742 444,996 0.2 0.2–0.2 1653 5,289,352 31.3 29.8–32.8
Q3 627 452,840 0.1 0.1–0.1 1442 5,387,991 26.8 25.4–28.2
Q2 543 444,368 0.1 0.1–0.1 1233 5,285,919 23.3 22.1–24.7
Q1 477 451,090 0.1 0.1–0.1 1117 5,364,730 20.8 19.6–22.1
Urbanicity Urban 2235 1,475,838 0.2 0.1–0.2 5130 17,535,392 29.3 28.5–30.1
Rural 982 748,845 0.1 0.1–0.1 2245 8,914,901 25.2 24.2–26.2
⁎ Q5: most deprived.
135S.C. Lee et al. / Schizophrenia Research 220 (2020) 130–140group died within the 10-year follow-up period compared with the
other two groups.
Before the date of first recorded diagnosis, we identified 1,084,912
(out of 2,132,108, 50.9%, 95% CI: 50.8%–51.0%) individuals with WIMD
quintile and urban/rural indicator available at the onset of theWDS ad-
ministrative records. The mean years of follow-back was 18.0 years
(95% CI: 18.0–18.0). Totally 2208 (out of 1,084,912, 0.2%, 95% CI: 0.2%–
0.2%) and 1035 (0.1%, 95% CI: 0.1%–0.1%) individuals were identified re-
spectivelywith schizophrenia-related disorders and bipolar disorder re-
spectively. For schizophrenia-related disorders, only 4.4% (out of 2208,
95% CI: 3.6%–5.4%) and 0.8% (95% CI: 0.5%–1.3%)moved to areawith dif-
ferent WIMD quintile and urban/rural indicator respectively before the
date of first record diagnosis. For bipolar disorder, we found only 4.6%
(out of 1035, 95% CI: 3.5%–6.2%) and 1.6% (95% CI: 1.0%–2.7%) moved
to area with different WIMD quintile and urban/rural indicator respec-
tively before the date of first record diagnosis. The corresponding SRRs
are summarised in Supp. Table 8 and Supp. Fig. 4. It shows individuals
with schizophrenia-related disorders or bipolar disorderwere less likely
to move to areas with differentWIMD quintiles and urban/rural indica-
tors compared with the general population from the beginning of the
available records to the date of first recorded diagnosis. Prior to diagno-
sis, although individuals with schizophrenia-related disorders were
more likely to remain in areas with the same level of deprivation
(SRR: 1.0, 95% CI: 1.0–1.1) and equal likely to move to more deprived
areas (SRR: 0.9, 95% CI: 0.6–1.2) compared with the general population,
they were less likely to move to less deprived areas (SRR: 0.6, 95% CI:
0.4–0.9, see Supp. Table 8 and Supp. Fig. 3A).
4. Discussion
This study revisited aspects of the social drift and causation hypoth-
eses by examining associations between increased risks of SMIs (schizo-
phrenia-related disorders and bipolar disorder) and area deprivationand urbanicity. We compared gradients of prevalence and incidence
by deprivation and urban/rural indicator from 2004 to 2015, and
analysed the proportion of individuals drifting longitudinally using the
change in WIMD quintiles and urban/rural indicator within the cohort
between 2006 and 2015. We found robust associations between in-
creasing prevalence and incidence of SMIs in more deprived and
urban areas. These gradients remained when the prevalence and inci-
dence were adjusted for sex, age, time, as well aswhen level of depriva-
tion and urbanicity were jointly adjusted. By comparing prevalence and
incidence concurrently for the same population, we found similar prev-
alence and incidence gradients of SMIs by deprivation and urban/rural
indicator, suggesting the absence of downward social drift indicated
by people with SMI moving to more deprived neighbourhoods. Similar
methods have been used to examine downward social drift for individ-
uals with epilepsy using routinely collected data (Pickrell et al., 2015)
but to our knowledge, this is the first time these have been used to
study SMIs with data sourced from both primary and secondary care
cohorts.
Our incidence rates of SMIs are comparable to others reported in the
UK (Hardoon et al., 2013; Kirkbride et al., 2012) and other developed re-
gions (Jongsma et al., 2019, 2018). Overall prevalences by disorder are
also consistent with systematic reviews (Saha et al., 2005; Simeone
et al., 2015). Our results for deprivation fall within the range of values
for developed countries or regions reported by others. A systemic re-
view on area level social deprivation and the risk of schizophrenia, psy-
chosis and non-affective psychotic disorders revealed the adjusted
relative risks of most to least deprived areas ranged from 1.0 to 4.8
(O'Donoghue et al., 2016). When the Townsend Score 2001 (Yousaf
and Bonsall, 2017) was used for the UK population, it was reported
that the adjusted (for gender and urbanicity) relative risks of the most
to least deprived quintiles was 4.75 (95% CI: 3.98–5.67) for schizophre-
nia and 2.93 (95% CI: 2.64–3.25) for other psychosis (Hardoon et al.,
2013). For bipolar disorder, the adjusted (for gender and urbanicity)
Fig. 2. Prevalence (light grey) and incidence (dark grey) of schizophrenia-related disorders (schizo-related disorders, A, B, E & F) and bipolar disorder (C, D, G &H) byWIMDquintile (A–D)
and urban/rural indicator (E–H). Insets show ORs (blue) and IRRs (red) per unit WIMD quintile (A–D) or per urban/rural indicator (E–H) representing gradients of prevalence and
incidence by deprivation and urban/rural indicator. Black arrows denote direction towards steeper gradients, i.e., greater differences of prevalence or incidence between most and least
deprived or between urban and rural areas. Error bars and dash lines: 95% CIs.
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to be 1.84 (95% CI: 1.61–2.12) in a UK primary care cohort study
(Hardoon et al., 2013).
For urbanicity, our relative risks of schizophrenia-related disorders
comparing urban with rural areas are close to the values (1.40–1.97)reported in studies that examined urban residence at time of illness
onset and psychoses using binary (rural vs. urban) measures (Kelly
et al., 2010). Higher relative risks (N2) were reported in studies focused
on urban birth or upbringing as well as using multi-level (≥3 levels)
measures for urban/rural classification (Radua et al., 2018; Vassos
Fig. 3.Observed (filled bars), expected (open bars) count and the standardised rate ratio (SRR) of the change inWIMDquintile (A and C) and rural-urban residence (B and D) over 10-year
follow-up period after incident diagnosis of schizophrenia-related disorders (schizo-related disorders, A and B) and bipolar disorder (C and D) between 2004 and 2005. For deprivation,
data are stratified by 3 groups with individuals moved towards more deprived (change of WIMD quintile b 0), less deprived (change of WIMD quintile N0) areas or areas with the same
WIMD quintile (no change inWIMD quintile). Rural→ urban: change from rural to urban areas, urban→ rural: change from urban to rural areas. Error bars: 95% CIs. Dash line: SRR= 1.
Note that all data are plotted in log scale.
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tion level and cannabis use) linear OR trend of 1.18 (95% CI: 1.03–1.35)
was reported in a Dutch study (Kaymaz et al., 2006) comparing cumu-
lative incidence between areaswith themost and least population den-
sity as a proxy for urbanicity. This is in consistence with the adjusted
OR/IRR (~1.1) for bipolar disorder.
Effects of deprivation and urbanicity across studies are not directly
comparable due to different settings, diagnostic criteria, outcome
measures used and control for confounding variables among studies.
Nevertheless, we found non-overlapping CIs of ORs and IRRs between
schizophrenia-related disorders and bipolar disorder, suggesting differ-
ence in gradients of prevalence and incidence between these two condi-
tions. Such difference in the strength of association between conditions
to area deprivation and urbanicity was reported elsewhere (Gruebner
et al., 2017; Heinz et al., 2013; Laursen et al., 2007; March et al., 2008).
Our data showed strong effects of deprivation and urbanicity when
measures of deprivation and urbanicity were jointly controlled for al-
though such associations were weaker compared to the effects when
deprivation and urbanicity are treated as separate exposures (Hardoon
et al., 2013). Indeed, we showed among all available LSOAs that more
deprived LSOAs are predominantly urban areas. All these support the
existence of factors suchas poor social cohesion, availability of social ser-
vices, crime and other environmental risks shared between more de-
prived and urban areas that may explain the elevated risks (Allardyce
and Boydell, 2006; Sariaslan et al., 2015; Werner et al., 2007).
Results from the longitudinal analysis showed that individuals with
SMIs tended to move to areas with different levels of deprivation and
urban/rural indicators compared to the general population after SMIs
diagnoses. Although calculating SRRs using indirect standardisation
preclude statistical comparisons of SRRs between groups, our data re-
vealed that individuals with SMI did not preferentially move towardsmore deprived or urban areas. We identify that up to four years after
an incident diagnosis individuals with schizophrenia-related disorders
might preferentiallymove to urban areas.While a potential explanation
of this could be the compensating effect by treatments and social care
for the gap closing between moving to urban areas and to rural areas
over time, further research is warranted. In terms of demographic char-
acteristics, individuals who moved to more and less deprived areas, as
well as between urban to rural and rural to rural areas had similar sex,
age and mortality distribution.
We found prior to SMI diagnosis, b5% of the individuals moved to
areas with different level of deprivation and urbanisation compared to
~30% after diagnoses. Hence, social drift prior to illness onset seemed
unlikely within the limits of data coverage on documenting individual
movement or migration throughout lifespan. Our results generally do
not support the downward social drift hypothesis. However, we cannot
exclude the possibility that prior to illness onset, individuals with
schizophrenia-related disorders might not move to less deprived areas
similarly to the general population, reflecting a passive form of social
drift or “failure to thrive”.
While the social causation/drift debate is still ongoing,more evidence
is emerging for the social causation hypothesis (Heinz et al., 2013;March
et al., 2008). Research shows that higher incidence is found for individ-
uals who are either born or brought up in more deprived and urban
areas before illness onset (Eaton et al., 2000; Lewis et al., 1992;
Marcelis et al., 1998; Pedersen and Mortensen, 2001; Sundquist et al.,
2004; Werner et al., 2007). On the other hand, results from longitudinal
examination of intra-generational social drift were not conclusive
(Hudson, 2012, 2005). In an analysis of hospitalised individuals with
mental illness including schizophrenia, it was found that only a slight
downward social drift, measured by an index of SES for communities
in the USA, was observed for individuals with schizophrenia during the
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for individuals with other mental illnesses. Although the small magni-
tude of downward drift for schizophrenia could be replicated in a subse-
quent analysis for the same region (Hudson, 2012), the effects were
confounded by the level of SES at the time of illness onset. On the con-
trary, a recent Canadian study examined the pattern of first migration
after onset of schizophrenia and found evidence of geographical and so-
cial drift given the presence ofmigration from non-metropolitan tomet-
ropolitan areas as well as from less socially to more socially deprived
areas (Ngui et al., 2013b).
Nevertheless, the presence of downward drift subsequent to the ill-
ness onset may not necessarily support the notion that the illness alone
causes any subsequent downward drift. It has been proposed that social
drift involves inter- and intra-generational processes and therefore fa-
milial and/or genetic influences cannot be ruled out (Plomin and
Deary, 2015; Rodgers and Mann, 1993). A recent study using Genome-
wide association analysis and mendelian randomization revealed that
individuals with elevated genetic risk of schizophrenia tend to reside
in urban or densely populated areas regardless of SES, suggesting that
genetic susceptibility to schizophrenia might associate with individuals
drifting to urban and more deprived areas (Colodro-Conde et al., 2018).
While both genetic susceptibility and shared-environmental risk factors
can pass onto children, parents can make choices to raise children pref-
erably in more deprived/urban areas due to their own and/or children's
genetically influenced traits (Paksarian et al., 2018). Nonetheless, recent
studies found onlymodest association between polygenic risk scores for
schizophrenia and urban birth (Paksarian et al., 2018; Solmi et al.,
2019). The presence of inter-generational social drift seemed unsup-
ported since controlling for both familial factors and polygenic risk
scores for schizophrenia do not attenuate the association between dep-
rivation/urbanicity at birth and the risk of having psychotic experiences
later in life (Solmi et al., 2019).
Nonetheless, ourfindings on longitudinal drift after onset of SMIs are
in consistence with others (Lix et al., 2007, 2006; Ngui et al., 2013a,
2013b)where individualswith SMIs have higher residentialmobility al-
beit with similar migration between urban to rural and rural to urban
regions. Our results are also in agreement with others showing that
younger individuals with schizophrenia have higher residential mobil-
ity after illness onset in order to search for better access tomental health
services (Ngui et al., 2013b). This might also explain the contrast of
having lower than expected chances of changing deprivation or
urbanicity category before but higher after illness onset. Interestingly,
a recent study revealed residential mobility during childhood and ado-
lescence are more likely to occur for individuals who later develop
non-affective psychosis (Price et al., 2018). Although our data shows
that individuals with SMIs are more likely to stay in areas with the
same level of deprivation and urbanicity before illness onset compared
with the general population, we could not rule out that these individ-
uals moved more frequently than the unaffected individuals did.4.1. Strength and limitations
This study evaluated the effect of area deprivation and urbanicity on
the risks of SMIs drawn from primary care and secondary inpatient care
settings in population-based linked datasets. One of the advantages of
our study is that our data covered high proportion of the whole studied
population (Wales) given the complete coverage of the hospital admis-
sion dataset and population level coverage of theGP dataset (N70%).We
adopted previous approaches (Pickrell et al., 2015) to estimate and
compare prevalence and incidence of SMIs concurrently alongside lon-
gitudinal observations of the change in deprivation, thus providingmul-
tiple evidence for the associations between SMIs and deprivation and
urbanicity. We used previously validated diagnostic codes for SMIs to
identify affected individuals (Economou et al., 2012; John et al., 2018;
Lloyd et al., 2015). By linking demographic parameters with diagnoses,we were able to compare the effects of deprivation and urbanicity be-
tween conditions and between primary and secondary care cohorts.
One major limitation of the present study is that we cannot rule out
social drift before an incident SMIs-related contact using routinely col-
lected data. We therefore conducted the longitudinal analysis before
the first record diagnosis to capture any social drift. Our results in gen-
eral do not showdownward social drift before the first record diagnosis.
Thus, we are able to draw conclusions on the presence of social drift by
comparing prevalence and incidence of SMIs provided that drift before
the first record diagnosis was absent or minimal.
Level of deprivation cannot be easily summarised into a single
measure because of its multifaceted nature (Welsh Government,
2017). Indeed, other alternativemeasures have been proposed to assess
deprivation (Page et al., 2018). We used WIMD, an index that aggre-
gates more than one domain of deprivation for small areas defined in
the Census, to represent deprivation for all inhabitants in LSOAs
(Welsh Government, 2017). Since WIMD and urban/rural indicator
are area- rather than individual-levelmeasures,we couldmisclassify in-
dividuals who are more (less) individually deprived but reside in less
(more) deprived areas. As a result, using ecological data to estimate so-
cial driftmay underestimate the amount of social drift at individual level
(Goldberg and Morrison, 1963; Pickrell et al., 2015). In future studies,
we could link data at individual level, e.g., income and employment to
assess deprivation.
Similarly to deprivation, there is no standardised definition of urban
and rural areas and various criteria such as number of inhabitants and
population density have been used (Pedersen, 2006). We categorised
rural and urban areas in accordance with a system used by government
departments, which is based on the number of populations in settle-
ment and sparsity types. Compared with studies using multilevel mea-
sure for the degree of urbanisation (Vassos et al., 2012), the effect upon
the risks of SMIs in our study is smaller. This could be explained by the
dichotomous measure used in our study since our rural category con-
tains more heterogeneous settlement types (town and fringe, village,
hamlet and isolated dwellings) in contrast to our urban category includ-
ing only urban settlement types. Nonetheless, the urban/rural differ-
ence in the risks of SMIs were still robust regardless of the measure
being used.
Due to data availability, we could not measure potential confound-
ing on SMI-deprivation/urbanicity associations by individuals' marital
status, education level and income. Nor could we extract data regarding
individuals' genetic liability to SMIs and familial background. It has been
documented that disadvantage in childhood, e.g., family history of psy-
chosis, parental unemployment, low parental education level and in-
come increased the risk of psychosis in urban areas (Heinz et al.,
2013). More data linkage studies gathering these data are necessary.
Other limitations include the use of routinely collected clinical
health care data for research purposes where information and selection
bias may be present. Since we could not document individuals with
SMIs who do not present to the healthcare services or who have symp-
tomsbut donot reach diagnostic thresholds, contact rates to services re-
garding SMIs might be underestimated and misclassification of SMIs
cannot be ruled out. Although this is a common feature of all studies
utilising routinely collected data, we used externally validated diagnos-
tic codes of SMIs and allowing for cross mapping between Read codes
and ICD-10 codes tomaintain validity and consistency of SMI diagnoses
for both primary and secondary care datasets. Since remission and re-
lapse of SMIs cannot be easily defined in routinely collected data, we
used the definition of annual prevalence as all individuals in contact
with health services in or before the given year. Nonetheless, our pat-
terns of incidence rates across age for schizophrenia-related disorders
and bipolar disorder are consistent with those reported in a study
using a UK-wide primary care database (Hardoon et al., 2013). Our
data may also subject to selection bias, particularly the loss of follow-
up and missing data. For instances, we only analysed individuals who
continuously registered in Wales within the follow-up period (and
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both WIMD and urban/rural indicator available during these periods.
As a result, data from individuals who intermittently moving in/out
Wales as well as homeless individuals were not analysed. In prevalence
and incidence estimation, we were unable to adjust for time in the inci-
dencemodels due to failure of convergence. For the samemodelling con-
vergence issue, we did not study deprivation by urbanicity interaction.
Although this studywas based on theWales population only, our re-
sults are generalisable to other developed regions. In contrast, the pres-
ent results may not be generalisable to developing regions. It has been
recently suggested that urban living does not increase the risks of
psychoses in low- and middle-income countries (Chan et al., 2015;
DeVylder et al., 2018) since wider income inequalities in developed
countries could contribute to the elevated risks of psychoses. Socioeco-
nomic inequality, as well as, social and familial isolation may be less sa-
lient in low- andmiddle-income countries (Burns et al., 2014; DeVylder
et al., 2018; Johnson et al., 2015). However, caution is needed in the in-
terpretation of these findings based on the validity of themental health
outcomes used, variations in the pace of urbanisation, individuals' inter-
pretation of severemental health, rural and urban livingwithin their so-
ciocultural and historical context, and finally patterns of exposure to
risks factors within and between developed and low- and middle-
income regions (Kirkbride et al., 2018). Future research should focus
on the analysis of worldwide data to untangle how and how well
these variations could explain the heterogeneity of the social inequality
in SMIs.
4.2. Implications for policy and practice
This study provides an opportunity to identify area-related risk fac-
tors associated with SMIs and thus facilitates effective allocation of
resources for policy, management of individuals with SMIs, further
research and investment. Although recently there have been tools avail-
able to predict first episode of psychosis at community level (Kirkbride
et al., 2013), strategies and priorities on where resources and inter-
ventions for psychotic disorders should be allocated, for example
redistributed to areas and communities where SMIs are more preva-
lent, were not commonly discussed (O'Donoghue et al., 2016). In
light of the present findings, we suggest, in line with previous stud-
ies, that urban areas and/or areas associatedwith higher level of dep-
rivation should receive more targeted focus in terms of prevention
andmanagement. Accordingly, appropriate and timely interventions
would be delivered to themost vulnerable communities and individ-
uals (Kirkbride and Jones, 2014).
Funding
The study was funded by the Welsh Government through Health and Care Research
Wales: grant awarded to ‘The National Centre for Mental Health’ with Grant No.: CA04,
as well as by Health Data Research UK which receives its funding from HDR UK Ltd.
(NIWA1) funded by the UK Medical Research Council, Engineering and Physical Sciences
Research Council, Economic and Social Research Council, Department of Health and Social
Care (England), Chief Scientist Office of the Scottish Government Health and Social Care
Directorates, Health and Social Care Research and Development Division (Welsh Govern-
ment), Public Health Agency (Northern Ireland), British Heart Foundation (BHF) and the
Wellcome Trust.
Contributors
All authors conceived the study; AJ and SCL designed the study; AJ supervised the
study; SCL conducted the analysis; AJ and SCL wrote the initial draft and all authors
commented on the interpretation of findings and the manuscript.
Role of the funding source
The funders had no role in study design, data, collection, data analysis, data interpre-
tation, or writing of the manuscript.
Declaration of competing interest
None.
Acknowledgements
None.Data statement
Data analysed for this study were obtained under the IGRP approval from the SAIL
databank (www.saildatabank.com). Raw data are not available for sharing but can be ap-
plied for access through SAIL. Relevant data are also available in the paper and its Supple-
mentary files.
Appendix A. Supplementary data
Supplementary data to this article can be found online at https://doi.
org/10.1016/j.schres.2020.03.044.References
Agresti, A., 2002. Categorical Data Analysis. Wiley Series in Probability and StatisticsJohn
Wiley & Sons Inc., Hoboken, NJ.
Agresti, A., 2007. An Introduction to Categorical Data Analysis. 2nd ed. JohnWiley & Sons
Inc., Hoboken, NJ.
Allardyce, J., Boydell, J., 2006. Environment and schizophrenia: review: the wider social
environment and schizophrenia. Schizophr. Bull. 32 (4), 592–598. https://doi.org/
10.1093/schbul/sbl008.
Altman, D.G., 1991. Practical statistics for medical research. Statistics in Medicine. Chap-
man and Hall, London.
Barham, C., Begum, N., 2006. The new urban/rural indicator in the Labour Force Survey.
Labour Mark. Trends 114 (12), 409–418.
Burns, J.K., Tomita, A., Kapadia, A.S., 2014. Income inequality and schizophrenia: increased
schizophrenia incidence in countries with high levels of income inequality. Int. J. Soc.
Psychiatry 60 (2), 185–196. https://doi.org/10.1177/0020764013481426.
Chan, K.Y., Zhao, F.F., Meng, S., Demaio, A.R., Reed, C., Theodoratou, E., Campbell, H.,Wang,
W., Rudan, I., 2015. Urbanization and the prevalence of schizophrenia in China be-
tween 1990 and 2010. World Psychiatry 14 (2), 251–252. https://doi.org/10.1002/
wps.20222.
Collip, D., Myin-Germeys, I., Van Os, J., 2008. Does the concept of “sensitization” pro-
vide a plausible mechanism for the putative link between the environment and
schizophrenia? Schizophr. Bull. 34 (2), 220–225. https://doi.org/10.1093/
schbul/sbm163.
Colodro-Conde, L., Couvy-Duchesne, B., Whitfield, J.B., Streit, F., Gordon, S., Kemper, K.E.,
Yengo, L., Zheng, Z., Trzaskowski, M., De Zeeuw, E.L., Nivard, M.G., Das, M., Neale,
R.E., MacGregor, S., Olsen, C.M., Whiteman, D.C., Boomsma, D.I., Yang, J., Rietschel,
M., McGrath, J.J., Medland, S.E., Martin, N.G., 2018. Association between population
density and genetic risk for schizophrenia. JAMA Psychiatry 75 (9), 901–910.
https://doi.org/10.1001/jamapsychiatry.2018.1581.
Davies, G., Jordan, S., Brooks, C.J., Thayer, D., Storey, M., Morgan, G., Allen, S., Garaiova, I.,
Plummer, S., Gravenor, M., 2018. Long term extension of a randomised controlled
trial of probiotics using electronic health records. Sci. Rep. 8 (1), 7668.
DeVylder, J.E., Kelleher, I., Lalane, M., Oh, H., Link, B.G., Koyanagi, A., 2018. Association of
urbanicity with psychosis in low- and middle-income countries. JAMA Psychiatry
75 (7), 678–686. https://doi.org/10.1001/jamapsychiatry.2018.0577.
Dunham, H.W., 1965. Community and Schizophrenia: An Epidemiological Analysis.
Wayne State University Press, Oxford, England.
Eaton, W.W., Mortensen, P.B., Frydenberg, M., 2000. Obstetric factors, urbanization and
psychosis. Schizophr. Res. 43 (2–3), 117–123. https://doi.org/10.1016/S0920-9964
(99)00152-8.
Economou, A., Grey, M., McGregor, J., Craddock, N., Lyons, R.A., Owen, M.J., Price, V.,
Thomson, S., Walters, J.T.R., Lloyd, K., 2012. The Health Informatics Cohort Enhance-
ment project (HICE): using routinely collected primary care data to identify people
with a lifetime diagnosis of psychotic disorder. BMC Res. Notes 5 (1), e95. https://
doi.org/10.1186/1756-0500-5-95.
Faris, R.E.L., Dunham, H.W., 1939.Mental Disorders in Urban Areas: An Ecological Study of
Schizophrenia and Other Psychoses. University of Chicago Press, Oxford, England.
Ford, D.V., Jones, K.H., Verplancke, J.-P., Lyons, R.A., John, G., Brown, G., Brooks, C.J.,
Thompson, S., Bodger, O., Couch, T., Leake, K., 2009. The SAIL Databank: building a na-
tional architecture for e-health research and evaluation. BMC Health Serv. Res. 9 (1),
157. https://doi.org/10.1186/1472-6963-9-157.
Goldberg, E.M., Morrison, S.L., 1963. Schizophrenia and social class. Br. J. Psychiatry 109
(463), 785–802. https://doi.org/10.1192/bjp.109.463.785.
Gruebner, O., Rapp, M.A., Adli, M., Kluge, U., Galea, S., Heinz, A., 2017. Cities and mental
health. Dtsch. Arztebl. Int. 114 (8), 121. https://doi.org/10.3238/arztebl.2017.0121.
Hardoon, S., Hayes, J.F., Blackburn, R., Petersen, I., Walters, K., Nazareth, I., Osborn, D.P.J.,
2013. Recording of severe mental illness in United Kingdom primary care,
2000–2010. PLoS One 8 (12), e82365. https://doi.org/10.1371/journal.pone.0082365.
Heck, R.H., Thomas, S., Tabata, L., 2012. Multilevel Modeling of Categorical Outcomes
Using IBM SPSS. Routledge, New York, NY.
Heinz, A., Deserno, L., Reininghaus, U., 2013. Urbanicity, social adversity and psychosis.
World Psychiatry 12 (3), 187–197. https://doi.org/10.1002/wps.20056.
Hudson, C.G., 2005. Socioeconomic status and mental illness: tests of the social causation
and selection hypotheses. Am. J. Orthop. 75 (1), 3–18. https://doi.org/10.1037/0002-
9432.75.1.3.
Hudson, C.G., 2012. Patterns of residential mobility of people with schizophrenia: multi-
level tests of downward geographic drift. J. Sociol. Soc. Welf. 39 (3), 149–179.
John, A., McGregor, J., Jones, I., Lee, S.C., Walters, J.T.R., Owen, M.J., O’Donovan, M.,
DelPozo-Banos, M., Berridge, D., Lloyd, K., 2018. Premature mortality among people
with severe mental illness— new evidence from linked primary care data. Schizophr.
Res. 199, 154–162. https://doi.org/10.1016/j.schres.2018.04.009.
140 S.C. Lee et al. / Schizophrenia Research 220 (2020) 130–140Johnson, S.L., Wibbels, E., Wilkinson, R., 2015. Economic inequality is related to cross-
national prevalence of psychotic symptoms. Soc. Psychiatry Psychiatr. Epidemiol. 50
(12), 1799–1807. https://doi.org/10.1007/s00127-015-1112-4.
Jongsma, H.E., Gayer-Anderson, C., Lasalvia, A., Quattrone, D., Mulè, A., Szöke, A., Selten,
J.P., Turner, C., Arango, C., Tarricone, I., Berardi, D., Tortelli, A., Llorca, P.M., De Haan,
L., Bobes, J., Bernardo, M., Sanjuán, J., Santos, J.L., Arrojo, M., Del-Ben, C.M., Menezes,
P.R., Murray, R.M., Rutten, B.P., Jones, P.B., Van Os, J., Morgan, C., Kirkbride, J.B.,
Reininghaus, U., Di Forti, M., Hubbard, K., Beards, S., Stilo, S.A., Tripoli, G., Parellada,
M., Cuadrado, P., Solano, J.J.R., Carracedo, A., Bernardo, E.G., Roldán, L., López, G.,
Cabrera, B., Lorente-Rovira, E., Garcia-Portilla, P., Costas, J., Jiménez-López, E., Matteis,
M., Rapado, M., González, E., Martínez, C., Sánchez, E., Olmeda, M.S., Franke, N.,
Velthorst, E., Termorshuizen, F., Van Dam, D., Van Der Ven, E., Messchaart, E., Leboyer,
M., Schürhoff, F., Jamain, S., Frijda, F., Baudin, G., Ferchiou, A., Pignon, B., Richard, J.R.,
Charpeaud, T., Tronche, A.M., La Barbera, D., La Cascia, C., Marrazzo, G., Sideli, L.,
Sartorio, C., Ferraro, L., Seminerio, F., Loureiro, C.M., Shuhama, R., Ruggeri, M., Tosato,
S., Bonetto, C., Cristofalo, D., 2018. Treated incidence of psychotic disorders in the
multinational EU-GEI study. JAMA Psychiatry 75 (1), 36–46. https://doi.org/
10.1001/jamapsychiatry.2017.3554.
Jongsma, H.E., Turner, C., Kirkbride, J.B., Jones, P.B., 2019. International incidence of psy-
chotic disorders, 2002–17: a systematic review and meta-analysis. Lancet Public
Heal. 4 (5), E229–E244. https://doi.org/10.1016/S2468-2667(19)30056-8.
Kaymaz, N., Krabbendam, L., Graaf, R., Nolen, W., Have, M., van Os, J., 2006. Evidence that
the urban environment specifically impacts on the psychotic but not the affective di-
mension of bipolar disorder. Soc. Psychiatry Psychiatr. Epidemiol. 41 (9), 679–685.
https://doi.org/10.1007/s00127-006-0086-7.
Kelly, B.D., O’Callaghan, E., Waddington, J.L., Feeney, L., Browne, S., Scully, P.J., Clarke, M.,
Quinn, J.F., McTigue, O., Morgan, M.G., Kinsella, A., Larkin, C., 2010. Schizophrenia
and the city: a review of literature and prospective study of psychosis and urbanicity
in Ireland. Schizophr. Res. 116 (1), 75–89. https://doi.org/10.1016/j.
schres.2009.10.015.
Kirkbride, J.B., Jones, P.B., 2014. Parity of esteem begins at home: translating empirical
psychiatric research into effective public mental health. Psychol. Med. 44 (8),
1569–1576. https://doi.org/10.1017/S0033291713001992.
Kirkbride, J.B., Errazuriz, A., Croudace, T.J., Morgan, C., Jackson, D., Boydell, J., Murray, R.M.,
Jones, P.B., 2012. Incidence of schizophrenia and other psychoses in England,
1950–2009: a systematic review and meta-analyses. PLoS One 7 (3), e31660.
https://doi.org/10.1371/journal.pone.0031660.
Kirkbride, J.B., Jackson, D., Perez, J., Fowler, D., Winton, F., Coid, J.W., Murray, R.M., Jones,
P.B., 2013. A population-level prediction tool for the incidence of first-episode psy-
chosis: translational epidemiology based on cross-sectional data. BMJ Open 3 (2),
e001998. https://doi.org/10.1136/bmjopen-2012-001998.
Kirkbride, J.B., Keyes, K.M., Susser, E., 2018. City living and psychotic disorders-
implications of global heterogeneity for theory development. JAMA Psychiatry 75
(12), 1211–1212. https://doi.org/10.1001/jamapsychiatry.2018.2640.
Laursen, T.M., Munk-Olsen, T., Nordentoft, M., BoMortensen, P., 2007. A comparison of se-
lected risk factors for unipolar depressive disorder, bipolar affective disorder,
schizoaffective disorder, and schizophrenia from a Danish population-based cohort.
J. Clin. Psychiatry 68 (11), 1673–1681. https://doi.org/10.4088/JCP.v68n1106.
Lewis, G., David, A., Andréassson, S., Allebeck, P., 1992. Schizophrenia and city life. Lancet
340 (8812), 137–140. https://doi.org/10.1016/0140-6736(92)93213-7.
Lix, L.M., Hinds, A., DeVerteuil, G., Robinson, J.R., Walker, J., Roos, L.L., 2006. Residential
mobility and severe mental illness: a population-based analysis. Adm. Policy Ment.
Heal. Ment. Heal. Serv. Res. 33 (2), 160–171. https://doi.org/10.1007/s10488-006-
0035-5.
Lix, L.M., DeVerteuil, G., Walker, J.R., Robinson, J.R., Hinds, A.M., Roos, L.L., 2007. Residen-
tial mobility of individuals with diagnosed schizophrenia: a comparison of single and
multiple movers. Soc. Psychiatry Psychiatr. Epidemiol. 42 (3), 221–228. https://doi.
org/10.1007/s00127-006-0150-3.
Lloyd, K., McGregor, J., John, A., Craddock, N., Walters, J.T., Linden, D., Jones, I., Bentall, R.,
Lyons, R.A., Ford, D.V., Owen, M.J., 2015. A national population-based e-cohort of peo-
ple with psychosis (PsyCymru) linking prospectively ascertained phenotypically rich
and genetic data to routinely collected records: overview, recruitment and linkage.
Schizophr. Res. 166 (1–3), 131–136. https://doi.org/10.1016/j.schres.2015.05.036.
Lyons, R. a, Jones, K.H., John, G., Brooks, C.J., Verplancke, J.-P., Ford, D.V., Brown, G.,
Leake, K., 2009. The SAIL databank: linking multiple health and social care
datasets. BMC Med. Inform. Decis. Mak. 9 (1), 3. https://doi.org/10.1186/1472-
6947-9-3.
Marcelis, M., Navarro-Mateu, F., Murray, R., Selten, J.P., Van Os, J., 1998. Urbanization and
psychosis: a study of 1942–1978 birth cohorts in the Netherlands. Psychol. Med. 28
(4), 871–879. https://doi.org/10.1017/S0033291798006898.
March, D., Hatch, S.L., Morgan, C., Kirkbride, J.B., Bresnahan, M., Fearon, P., Susser, E., 2008.
Psychosis and place. Epidemiol. Rev. 30 (1), 84–100. https://doi.org/10.1093/epirev/
mxn006.
Newcombe, R.G., 1998. Two-sided confidence intervals for the single proposition: com-
parison of seven methods. Stat. Med. 17 (8), 857–872. https://doi.org/10.1002/
(SICI)1097-0258(19980430)17.
Ngui, A.N., Apparicio, P., Fleury, M.J., Lesage, A., Grégoire, J.P., Moisan, J., Vanasse, A., 2013a.
Spatio-temporal clustering of the incidence of schizophrenia in Quebec, Canada from2004 to 2007. Spat. Spatiotemporal. Epidemiol. 6, 37–47. https://doi.org/10.1016/j.
sste.2013.05.003.
Ngui, A.N., Cohen, A.A., Courteau, J., Lesage, A., Fleury, M.J., Grégoire, J.P., Moisan, J.,
Vanasse, A., 2013b. Does elapsed time between first diagnosis of schizophrenia and
migration between health territories vary by place of residence? A survival analysis
approach. Heal. Place 20, 66–74. https://doi.org/10.1016/j.healthplace.2012.12.003.
O’Donoghue, B., Roche, E., Lane, A., 2016. Neighbourhood level social deprivation and the
risk of psychotic disorders: a systematic review. Soc. Psychiatry Psychiatr. Epidemiol.
51 (7), 941–950. https://doi.org/10.1007/s00127-016-1233-4.
Page, N., Langford, M., Higgs, G., 2018. An evaluation of alternative measures of accessibil-
ity for investigating potential ‘deprivation amplification’ in service provision. Appl.
Geogr. 95, 19–33. https://doi.org/10.1016/j.apgeog.2018.04.003.
Paksarian, D., Trabjerg, B.B., Merikangas, K.R., Mors, O., Borglum, A.D., Hougaard, D.M.,
McGrath, J.J., Pedersen, C.B., Mortensen, P.B., Agerbo, E., 2018. The role of genetic lia-
bility in the association of urbanicity at birth and during upbringing with schizophre-
nia in Denmark. Psychol. Med. 48 (2), 305–314. https://doi.org/10.1017/
S0033291717001696.
Pedersen, C.B., 2006. No evidence of time trends in the urban-rural differences in schizo-
phrenia risk among five million people born in Denmark from 1910 to 1986. Psychol.
Med. 36 (2), 211–219. https://doi.org/10.1017/S003329170500663X.
Pedersen, C.B., Mortensen, P.B., 2001. Evidence of a dose-response relationship between
urbanicity during upbringing and schizophrenia risk. Arch. Gen. Psychiatry 58 (11),
1039–1046. https://doi.org/10.1001/archpsyc.58.11.1039.
Pickrell, W.O., Lacey, A.S., Bodger, O.G., Demmler, J.C., Thomas, R.H., Lyons, R.A., Smith,
P.E.M., Rees, M.I., Kerr, M.P., 2015. Epilepsy and deprivation, a data linkage study.
Epilepsia 56 (4), 585–591. https://doi.org/10.1111/epi.12942.
Plomin, R., Deary, I.J., 2015. Genetics and intelligence differences: five special findings.
Mol. Psychiatry 20 (1), 98–108. https://doi.org/10.1038/mp.2014.105.
Price, C., Dalman, C., Zammit, S., Kirkbride, J.B., 2018. Association of residential mobility
over the life course with nonaffective psychosis in 1.4 million young people in
Sweden. JAMA Psychiatry 75 (11), 1128–1136. https://doi.org/10.1001/
jamapsychiatry.2018.2233.
Radua, J., Ramella-Cravaro, V., Ioannidis, J.P.A., Reichenberg, A., Phiphopthatsanee, N.,
Amir, T., Yenn Thoo, H., Oliver, D., Davies, C., Morgan, C., McGuire, P., Murray, R.M.,
Fusar-Poli, P., 2018. What causes psychosis? An umbrella review of risk and protec-
tive factors. World Psychiatry 17 (1), 49–66. https://doi.org/10.1002/wps.20490.
Rodgers, B., Mann, S.L., 1993. Re-thinking the analysis of intergenerational social mobility:
a comment on John W. Fox’s “Social Class, Mental ilness, and Social Mobility”.
J. Health Soc. Behav. 34 (2), 165–172. https://doi.org/10.2307/2137242.
Rothman, K., Boice, J.J., 1979. Epidemiologic Analysis with a Programmable Calculator.
NIH Publication, Washington, DC, pp. 79–1649.
Saha, S., Chant, D., Welham, J., McGrath, J., 2005. A systematic review of the prevalence of
schizophrenia. PLoS Med. 2 (5), e141. https://doi.org/10.1371/journal.
pmed.0020141.
Sariaslan, A., Larsson, H., D’Onofrio, B., Långström, N., Fazel, S., Lichtenstein, P., 2015. Does
population density and neighborhood deprivation predict schizophrenia? A nation-
wide Swedish family-based study of 2.4 million individuals. Schizophr. Bull. 41 (2),
494–502. https://doi.org/10.1093/schbul/sbu105.
Sariaslan, A., Fazel, S., D’Onofrio, B.M., Långström, N., Larsson, H., Bergen, S.E., Kuja-
Halkola, R., Lichtenstein, P., 2016. Schizophrenia and subsequent neighborhood dep-
rivation: revisiting the social drift hypothesis using population, twin and molecular
genetic data. Transl. Psychiatry 6 (5), e796. https://doi.org/10.1038/tp.2016.62.
Selten, J.P., Van Der Ven, E., Rutten, B.P.F., Cantor-Graae, E., 2013. The social defeat hypoth-
esis of schizophrenia: an update. Schizophr. Bull. 39 (6), 1180–1186. https://doi.org/
10.1093/schbul/sbt134.
Simeone, J.C., Ward, A.J., Rotella, P., Collins, J., Windisch, R., 2015. An evaluation of varia-
tion in published estimates of schizophrenia prevalence from 1990–2013: a system-
atic literature review. BMC Psychiatry 15 (1), 193. https://doi.org/10.1186/s12888-
015-0578-7.
Solmi, F., Lewis, G., Zammit, S., Kirkbride, J.B., 2019. Neighborhood characteristics at birth
and positive and negative psychotic symptoms in adolescence: findings from the
ALSPAC birth cohort. Schizophr. Bull. https://doi.org/10.1093/schbul/sbz049.
Sundquist, K., Frank, G., Sundquist, J., 2004. Urbanisation and incidence of psychosis and
depression: follow-up study of 4.4 million women and men in Sweden. Br.
J. Psychiatry 184 (4), 293–298. https://doi.org/10.1192/bjp.184.4.293.
Van Os, J., Rutten, B.P.F., Poulton, R., 2008. Gene-environment interactions in schizophre-
nia: review of epidemiological findings and future directions. Schizophr. Bull. 34 (6),
1066–1082. https://doi.org/10.1093/schbul/sbn117.
Vassos, E., Pedersen, C.B., Murray, R.M., Collier, D.A., Lewis, C.M., 2012. Meta-analysis of
the association of urbanicity with schizophrenia. Schizophr. Bull. 38 (6),
1118–1123. https://doi.org/10.1093/schbul/sbs096.
Welsh Government, 2017. Welsh Index of Multiple Deprivation (WIMD) 2014 Revised
(Cardiff, UK).
Werner, S., Malaspina, D., Rabinowitz, J., 2007. Socioeconomic status at birth is associated
with risk of schizophrenia: population-basedmultilevel study. Schizophr. Bull. 33 (6),
1373–1378. https://doi.org/10.1093/schbul/sbm032.
Yousaf, S., Bonsall, A., 2017. UK Townsend Deprivation Scores from 2011 Census Data.
https://doi.org/10.5257/census/aggregate-2011-2.
